Knowledge of the approximate caudal termination of the dural sac (DS) is important, especially when placing the portal fields during lower craniospinal irradiation (CSI) and performing caudal anaesthesia. The purpose of this investigation was to determine the level of termination of the DS in relation to the spine in a group of South African patients by using magnetic resonance imaging (MRI). We retrospectively reviewed the lumbosacral MR imaging of 309 patients, in each case identifying the tip of the DS. This level was recorded in relation to the adjacent lumbosacral vertebral body i.e. upper-, middle-and lower-third and adjacent intervertebral disc. The overall mean of the DS position was at the middle third of S2. Although the caudal DS tip was at the level of S2 in the majority of patients, a notable percentage (13.9%) had a DS tip level lower than the lower third of S2, and 15.2% had levels higher than the S1-S2 intervertebral disc. This study failed to demonstrate a difference in the DS termination level, compared with the levels reported in various international studies; nor is there a statistical difference between gender, race and age. Our study shows that routine placement of the portal field at the lower border of S2 adequately treats the majority of CSI patients. However, some patients (13.9%) will be undertreated and some patients (15.2%) will be overradiated. Using spinal MRI to establish the lower border of the CSI portal field will, however, benefit patients by ensuring adequate coverage of the entire neuroaxis as well as minimising late gonadal toxicity owing to overradiation.
Introduction
The spinal cord ends at the level of the L1-L2 disk space, with the nerve roots extending caudally in an enclosed sac known as the dural sac (DS). The DS protects the dangling nerve roots and is made up of two distinct but tightly bound layers called the dura mater and arachnoid mater.
Generally, the mean level of termination of the DS, which has been described in the standard textbook and some cadaveric studies, is located at the second sacral vertebral level. [1] [2] [3] However, cadaveric dissection is subject to distortion, and measurements may alter after skeletonisation of the cadaver. 4 Variations in the level of the DS termination were shown in previous studies where the DS extended caudally to the S2 level. 3, 5 In defining and/or placing the distal portal fields for CSI in the treatment of cerebrospinal fluid (CSF) seeding or leptomeningeal metastasis, the radiotherapist needs to know the level of the DS ending to ensure complete coverage of the entire subarachnoid space. In patients where the DS tip ends very low, the distal part of the spinal column might be excluded from the radiation field, whereas patients with a DS ending higher than expected will receive unnecessary irradiation to their pelvic organs.
A caudal approach to the extradural space (caudal block) is used for intra-and postoperative analgesia in a variety of operations, as well as the management of chronic pain. A detailed understanding of the anatomy of the caudal region of the extradural space is therefore desirable for clinicians using this technique. The DS ending is most relevant to clinical practice as the length of the needle used to perform the caudal block should be carefully chosen to avoid puncturing the dura. 6 The development of MRI has greatly enhanced our understanding of the living human anatomy. With the help of MRI, it is possible to determine the vertebral level of termination of the DS in the living individual. 7 The level of the caudal DS tip in the adult population, as determined by MRI, has been described in various studies. 5, 6, 8, 9 These studies were, however, all limited in the number of cases reviewed. Knowing the caudal termination of the DS in the South African population is important, especially for more precise performance of the distal spinal part of a CSI, and also for caudal anaesthetic blocks. The purpose of this investigation was to determine by using MRI the level of termination of the DS in relation to the spine in a group of South African patients, and to compare this position among age groups, gender, and black and white racial groups.
Material and methods
T1 and T2 sagittal spin-echo MR images made between October 2007 and November 2008 of the lumbar-sacral spine of 526 patients were retrospectively reviewed in the Department of Diagnostic Radiology, Universitas Hospital, Bloemfontein. Of this number, 217 (41.3%) of these examinations were excluded from our study owing to previous spinal surgery, presence of congenital anomalies such as scoliosis, severe degenerative changes and malignancies in the lumbosacral area, and in patients where identification of the DS was difficult. Data from 309 (58.7%) patient records were included in the statistical analysis.
The study group consisted of patients who were referred to the MR scanner for assessment of possible causes of lower back pain and MRI determination of the vertebral termination of the dural sac tip in a South African population: clinical significance during spinal irradiation and caudal anaesthesia radiculopathy. MR scans were reported as either normal or with minor age-related degenerative changes. Fig. 1 shows an MR image of the lumbosacral spine to demonstrate our method for determining the position of the caudal tip of the DS. MRI of the spine was performed on a Signa 1.5T (GE Medical Systems, Milwaukee, USA) using a phased array spine coil, with the patient supine. Sagittal images were acquired using a slice thickness of 4.0 mm and a 1 mm interslice gap. Although both T1-and T2-weighted sagittal images were available, the relevant anatomy was better demonstrated by the latter imaging protocol.
Each patient's age, sex, race and location of the lower limit of the DS were recorded. The most caudal level of the DS was determined in relation to the adjacent vertebra and disc space. This was done by extending a line, perpendicular to the long axis of the dura, across to the adjacent vertebrae and disc space. In accordance with the method of Saifuddin et al, 10 each vertebra was divided into 3 equal portions (upper, middle and lower thirds respectively) and the intervertebral disc was defined as a separate region (see Fig. 1 .) The image that showed the most inferior convergence point of the DS was used for measurement. For statistical evaluation, each lumbosacral vertebral regional level of the caudal DS tip was assigned a number; for example, the upper third of L5 = 1 and the upper third of S4 = 17.
Results were summarised by the Department of Biostatistics according to frequencies and percentages (categorical variables) and means, standard deviation or percentiles (numerical variables). Subgroups (race, gender and age groups) were compared for differences between percentages.
The study was approved by the Ethics Committee of the Faculty of Health Sciences of the University of the Free State. 
Results
Images from 309 patients were assessed for the study. The group included 191 (61.8%) white and 118 (38.2%) black patients. One hundred and seventy-six (57%) patients were female and 133 (43%) male, with ages ranging from 18 -83 years. A spectrum of DS endings was seen extending from the lower third of L5 to the lower third of S3. The distribution frequency of levels of termination of the DS in all patients on MR images demonstrated that the median ending of the DS was located at the middle third of S2, as observed in 75 (24.3%) patients (Fig. 2) . In 15.2% of patients, the DS terminated at levels above the S1-S2 intervertebral disc space, while 13.9% had DS levels below the lower border of S2 (Fig. 2) . The caudal DS tip was located between the level of the S1-S2 interspace and the lower third of S2 in 70.9% of the study population.
Regarding racial distribution, the study group consisted of 118 (38.2%) black and 191 (61.8%) white patients. The mean DS tip levels of the black and white patients (22.9% and 25.1%, respectively) were at the middle third of S2 (Table I) . No statistical differences in the mean level of the DS tip were observed between black and white patients.
The study group was divided into the following age groups; the number of patients in each group is in brackets: 18 -29 years (35), 30 -39 years (63), 40 -49 years (91), 50 -59 years (64), 60 -69 years (46) and 70 -83 years (10) . This was done to determine any notable difference in the position of the DS tip with increasing age. The mean DS levels in the age groups 18 -29, 40 -49, 50 -59 and 70 -83 years were at the middle third of S2, while patients in the age groups 30 -39 and 60 -69 years showed a mean level in the upper third of S2. No statistically significant differences in DS levels were seen with increasing age.
A comparison of male and female patients was also performed to determine any gender-related differences in the caudal vertebral position of the DS tip. Results are shown in Table II . The mean levels for the male (25.6%) and female (23.3%) patients were both at the middle third of S2, with no statistical differences noted between the two genders.
Discussion
The supposition that the lower border of the DS tip was situated at the inferior edge of S2 had been widely accepted for many years, based mainly on published findings from autopsies performed on adults. 11, 12 Larsen et al. 13 performed a radio-anatomical study of the DS in patients subjected to myelography. They reported that the tip of the DS ended at the S1-S2 intervertebral disc space in the majority of cases, and further described a range of DS tip endings extending from the L5-S1 to S4-S5 intervertebral disc spaces. Previous studies of the lumbar spine utilising MR imaging to visualise the DS demonstrated a mean level of termination at the middle third of S2, 5, 6, 14 similar to the level found in our study. In contrast to our findings, Macdonald et al. 5 found minor gender differences in the level of DS termination, with the level ranging from the upper third of S1 to the upper third of S4, which is slightly lower than the spectrum found in our study. The findings reported here are of particular importance as far as caudal block, CSI and spine surgery are concerned. Routine setting of the radiation field with CSI is at the inferior border of the S2 vertebra. This recommendation has largely been based on myelography and autopsy studies performed in adults. 2, 11, 12 Some of the limitations imposed on cadaveric studies are based on a predominantly aged group of subjects and include unselected subjects plus time-dependent shrinkage of the specimens. In a living population, MRI appears to be a reasonable alternative for determining the level of the DS and anatomy of the lumbosacral region. The advantages of MRI are (i) it identifies possible disorders in live healthy subjects, (ii) the spinal column is in the supine position, and (iii) the age range is wider when a living population is investigated compared with cadaveric studies. Our study demonstrated a spectrum of DS endings ranging from the lower third of L5 to the lower third of S3, similar to the published findings from previous studies. 8, 15 We determined that, across the various groups included in this study, the DS most commonly terminated at the middle third of the S2 vertebra, which is consistent with the findings of Macdonald et al., 5 although it differs from previous studies where the DS termination was reported at the upper third of S2. 8, 15 Binokay et al. 8 attributed this difference from other studies to racial differences and techniques used in the study groups. As with other studies, [14] [15] [16] we were unable to demonstrate a statistical difference between the level at which the DS terminated in black or white patients, and could find no association between age and the level of DS termination. We were also in agreement with others 3,15 who could find no statistical difference between male and female patients. The study by Macdonald et al. 5 did, however, report a difference in the DS termination level between males and females. The findings reported here are also of great consequence for CSI. The entire neuroaxis should be covered by ensuring that the DS is included in the spinal field. 15, 17 At our oncology centre, the routine placement of the CSI field is at the lower border of S2. According to our results, 13.9% of patients showed a DS termination below the lower border of S2, which is consistent with data published by Nazmy et al. 16 who determined that the inferior border of the DS was lower than the inferior border of S2 in 31% of patients. Dunbar et al. 17 found that 14.7%
of patients showed a DS termination below the S2-S3 junction, while Scharf et al. 15 reported similar findings, with 8.7% of patients having a DS lower than the S2-S3 junction. Consequently, these patients would be undertreated if the lower border of the CSI spinal field were placed at the inferior border of S2. This may lead to considerable geographical miss, probably with negative effects on local control of the disease. In 15.2% of the patients included in our investigation, the inferior border of the DS was situated above the S1-S2 intervertebral space. Dunbar et al. 17 showed that in 16.6% of patients, the inferior border of the DS was at mid-S1, whereas data reported by Scharf et al. 15 showed that 17.4% of patients had a DS termination at this level. On the basis of the above information, these patients would therefore receive unnecessary irradiation to critical structures if the lower border of the CSI spinal field was placed at the lower border of S2. Although the extent of this difference is minor, its effects -especially on the dose to the ovaries in female patients -would be considerable. The wide variation in the level of the inferior border of the DS and the failure to find any other tool to indicate its level accurately, make individualised treatment using MRI data of the spine a crucial element in the planning process.
Our findings are also relevant to the performance of safe caudal block procedures, which are used for intra-and postoperative analgesia and the management of chronic pain. Crighton et al. 6 suggested that,to increase the chances of performing a successful caudal block with minimal risk of dural puncture, the most frequent termination level of the DS should be known. They found a mean termination level of the DS at the middle third of S2 which compares favourably with our study. In the former study, the authors reported a mean distance between the sacrococcygeal membrane (SCM) and the DS of 60.5 mm, with a range of 34 -80 mm. The distance of 34 mm is of substantial importance in clinical practice because the use of a 21 gauge 40 mm 'green' needle to perform a caudal block has the additional risk of puncturing the dura in some patients.
The results of the present study failed to demonstrate a difference in the dural sac termination level found in the South African population in comparison with the levels reported in various international studies; nor is there a statistical difference between gender, race and age groups. We did, however, determine that the routine placement of the portal field at the lower border of S2 adequately treats the majority of CSI patients. Nevertheless, we propose using spinal MRI to set the lower border of the CSI spinal field as this will benefit the patient in ensuring adequate coverage of the entire neuroaxis as well as minimising late gonadal toxicity. As MRI investigations are usually part of the workup for medulloblastoma and other neuroaxis seeding brain tumours, no additional costs need be incurred. Radiologists can and should make a note of the DS termination during these examinations to set a level for possible CSI spinal field.
